We present a 1.1 mm map of the Braid Nebula star formation region in Cygnus OB7 taken using Bolocam on the Caltech Submillimeter Observatory. Within the 1 deg 2 covered by the map, we have detected 55 cold dust clumps all of which are new detections. A number of these clumps are coincident with IRAS point sources although the majority are not. Some of the previously studied optical/near-IR sources are detected at 1.1 mm. We estimate total dust/gas masses for the 55 clumps together with peak visual extinctions. We conclude that over the whole region, approximately 20% of the clumps are associated with IRAS sources suggesting that these are protostellar objects. The remaining 80% are classed as starless clumps. In addition, both FU Orionis (FUor) like objects in the field, the Braid Star and HH 381 IRS, are associated with strong millimeter emission. This implies that FUor eruptions can occur at very early stages of pre-main-sequence life. Finally, we determine that the cumulative clump mass function for the region is very similar to that found in both the Perseus and ρ Ophiuchus star-forming regions.
INTRODUCTION
A comprehensive review of the current state of star formation in the Cygnus molecular cloud complex was recently presented by Reipurth & Schneider (2008) . One of the least studied of the nine OB associations in this region is Cygnus OB7 which is located at a distance of around 800 pc (Hiltner 1956; Schmidt 1958; de Zeeuw et al. 1999) . The Cyg OB7 region contains several dark clouds which are collectively referred to as Kh 141 (Khavtassi 1960 ) and individually identified with Lynds catalog numbers (Lynds 1962) . The dark cloud of interest here is LDN 1003 and was first investigated in the optical by Cohen (1980) who, while cataloging red nebulous objects, found it to contain a diffuse nebula which he designated RNO 127. Some time later, it was determined that RNO 127 was a bright Herbig-Haro (HH) object (HH 448; Melikian & Karapetian 2001 , 2003 . Both Devine et al. (1997) and Movsessian et al. (2003, henceforth M03 ) studied this region further and presented optical and near-IR (NIR) observations. Both groups found a number of new HH objects indicating the presence of a population of young star. With the presence of numerous IRAS sources, LDN 1003 was therefore confirmed as a site of significant star formation activity.
Of particular interest was the discovery of Movsessian et al. (2006, henceforth M06) who showed that an FU Orionis (FUor) eruptive variable (Ambartsumian 1971; Herbig 1989) was present in LDN 1003 and although not optically visible, it had brightened significantly in the NIR between the epoch of the Two Micron All Sky Survey (2MASS) image (taken in 1999) and those taken by Movsessian et al. (in 2001) . In addition to the appearance of a bright, compact NIR source, they found that the associated NIR reflection nebula had also brightened. Further study revealed that the nebulosity appeared to form a double spiral or "braid" which seemed to have formed within the walls of two outflow cavities, one formed by high-velocity ejecta and the other by low-velocity outflow. The new FUor-like object was thus named "the Braid Star," although a General Catalog of Variable Stars (GCVS) identification is pending (to be included in GCVS Newsletter 80; N. Samus 2009, private communication) .
Interestingly, some 30 to the west of the Braid Star lies HH 381, a complex of shock-excited emission knots associated with a bright NIR point-like source, HH 381 IRS. In the optical and NIR HH 381 IRS was seen to possess a bipolar reflection nebula. What makes HH 381 IRS interesting is that when it was observed spectroscopically (Reipurth & Aspin 1997) it was discovered that it also exhibited many of the defining characteristics of an FUor. Further spectroscopic observations supported this interpretation (Greene et al. 2008 ) and a subsequent comparison of archival data (DSS-1 from 1953 and DSS-2 from 1990) with more recent CCD images demonstrated that as with the Braid Star, HH 381 IRS had brightened considerably over the last few decades (T. Yu. Magakian 2010, private communication) . The presence of two FUors in LDN 1003 led us to believe that this region was worthy of a more intensive study.
Subsequently, a large-scale campaign focused on LDN 1003 was initiated. This covered a wide wavelength range (i.e., X-ray to millimeter) using a variety of observational techniques (i.e., imaging, spectroscopy, and polarimetry), with the aim of investigating the extent and characteristics of the young stellar population. The region of interest to us is a 1 deg 2 area centered on the FUor-like object, the Braid Star. This area also included the second FUor-like object present, HH 381 IRS.
Other papers in this series present studies of (1) optical and NIR broadband photometry of the stellar content of the region (S. Mitchison et al. 2011, in preparation) , (2) optical and NIR shock-excited line emission present (Magakian et al. 2010, henceforth M10; T. Khanzadyan et al. 2011, in preparation) , (3) the NIR spectroscopic characteristics of selected young stars (Aspin et al. 2009 , henceforth A09), (4) the velocity structure of the submillimeter CO and HCN line emission (G. M. MoriartySchieven et al. 2011, in preparation; C. Aspin et al. 2011, in preparation) , and (5) the newly discovered compact NIR [Fe ii] emission jet from HH 381 IRS (T.-S. Pyo et al. 2011, in preparation) . In this paper, the millimeter wavelength continuum emission from cold dust is studied using a 1.1 mm map of the region. With these data the population of compact dust clumps and their relationship to known optical and NIR sources are studied. Section 2 presents details of the observations and data reduction while Section 3 contains a description of the cold dust content of the region and identifies the compact clumps present. Section 4 compares the clump structure found with the location of known IRAS sources, young optical and NIR stars, and shock-excited nebulous objects. Section 5 attempts to relate the observations presented below to similar data on other starforming regions. Lastly, Section 5 summarizes our discussions and presents our main conclusions.
OBSERVATIONS AND DATA REDUCTION
The data presented below were acquired on the Caltech Submillimeter Observatory (CSO), located on Mauna Kea, H i on UT 2009 June 30 and July 1. The facility millimeter bolometer array, Bolocam (Glenn et al. 1998) , was used for the observations. It consists of a 144 element array of bolometers mounted at the Cassegrain focus of the 10.4 m CSO mirror. The field of view of the array is 7. 5 × 7. 5 and individual detectors have a near-Gaussian beam of 31 FWHM and a spacing of 38 . The filter used was centered at 271.1 GHz (1.1 mm) and had a bandwidth of 46 GHz (Δν/ν = 0.17). Our mapping strategy was similar to that adopted in obtaining the 170 deg 2 Galactic Plane Survey (GPS; Glenn et al. 2009 ). Briefly, the array bolometer was raster scanned across the region of interest by moving the CSO primary mirror which modulated the astronomical signal at a rate faster than changes in atmospheric opacity. In the case of the GPS, the raster scanning took place in galactic coordinates (l,b). For our observations, the 1 deg 2 field was covered using alternating raster scans in right ascension (R.A.) and declination (decl.). Each scan of the area of interest took approximately 20 minutes. The final map, created with 10 pixels, is therefore a combination of 30 raster scans (15 scans in each of R.A. and decl.). Flux calibration was achieved by twice nightly observations of both Neptune and Uranus. Pointing corrections were calculated approximately every 2 hrs using bright quasars. We note that the estimated uncertainty in position in the final map is of the order of 7 . The standard IDL-based Bolocam reduction pipeline (Laurent et al. 2005 ) was used to create the final source map which has a rms noise of σ ∼ 17 mJy beam −1 . For a more complete discussion of the data reduction techniques, the reader is referred to Enoch et al. (2006) . The final 1.1 mm image was kindly analyzed by E. Rosolowsky using the custom source detection algorithm (Bolocat) developed specifically for the GPS (Rosolowsky et al. 2010) . This analysis produced a catalog of discrete cold dust emission clumps including peak and integrated 1.1 mm fluxes, and information on the source morphology. A Monte Carlo simulation of clump recovery by Rosolowsky et al. (2010) found that the GPS was complete at the >99% level for a flux of 5σ sky rms (∼60% completeness at the 3σ level). This suggests that the completeness limit of our map is sources with integrated fluxes of 85 mJy beam −1 . Using Equation (3) of Enoch et al. (2006) , this 5σ completeness limit corresponds to a clump mass limit of 2 and 0.7 M for dust temperatures, T D , of 10 and 20 K, respectively. The determination of an accurate T D requires multiple wavelength observations (e.g., at 0.45, 0.85, and 1.1 mm) which are unavailable at this time. Since the T D of the dust clumps is therefore unknown, our discussions below will consider values derived for both T D = 10 K and 20 K.
RESULTS

Definitions
Below we follow Di Francesco et al. (2007) by defining "protostellar" objects as 1.1 mm clumps with an associated IRAS source, and "starless" clumps as those without an IRAS detection. Protostellar clumps/cores possess embryonic stars still deeply embedded in molecular cloud and circumstellar gas and dust. Although these "Class 0" sources (Andre et al. 1993) emit at optical and NIR wavelengths, their flux is only observed via absorption and re-radiation at much longer wavelengths. Starless clumps have no internal luminosity sources and are therefore cold with dust temperatures of 10-20 K. A subset of starless clumps are the "prestellar" cores and the distinction is whether the clump is gravitationally bound and therefore has a mass that exceeds the Jeans mass (Ward-Thompson et al. 2007) . Distinguishing between starless and prestellar clumps is not a simple matter and herein we will refer to all clumps with no IRAS association as starless clumps. We note that the IRAS 10σ detection limits of 0.7, 0.65, 0.85, and 3.0 Janskys at 12, 25, 60, and 100 μm, respectively, correspond to luminosity detection lower limits of 3.5, 1.6, 0.8, and 1.8 L at a distance of 800 pc. With the above definitions in mind, therefore, we anticipate that we will detect both starless clumps and protostellar cores within our 1.1 mm map. Figure 1 shows the POSS-II digital sky survey red image of the region mapped at 1.1 mm. As can be seen, an extensive dark cloud complex is present which exhibits considerable compact and filamentary structure. In addition to the dark clouds, an extensive background stellar component is also present due to the galactic longitude of the field (l ∼ 91.
The 1.1 mm Continuum Map
• 8, b ∼ 4.
• 2). Overlaid on the POSS-II image are contours of visual extinction (A V ) derived using NIR photometric data (UKIRT/WFCAM) in the manner described in Rowles & Froebrich (2009) . The contours are for A V values from 2 to 8 mag.
In Figure 2 , we present our 1.1 mm map of this region. Numerous cold dust clumps of varying morphology are seen extending from the eastern to western edge of the map. Table 1 presents the list of clumps detected together with a designation (consistent with those given in the GPS), coordinates (equatorial and galactic), and integrated fluxes (in mJy). Also shown are any associations of clumps with previously detected objects, i.e., IRAS sources and optical/NIR stars. 9 Of the 55 clumps detected, 11 are coincident with IRAS sources (i.e., 20%). We have given each detected clump a numerical identification number (1-55, also given in Table 1 ) and the location of each is shown in Table 1 also shows the number of (10 ) map pixels that each clump covers. The correspondence between millimeter cold dust clumps and IRAS sources is demonstrated in Figure 4 where we overplot the IRAS source locations on the 1.1 mm map. Whereas the IRAS sources are relatively uniformly distributed over the whole 1 deg 2 region, the millimeter clumps are clustered in the central band of the image following the location of the dark cloud complex (see the A V contours in Figure 1 ). The aforementioned definitions (Section 3.1) suggest that the 11 IRAS/millimeter clump sources are all protostellar objects. Three other clumps are associated with optical/NIR sources, specifically Cyg 19, the Braid Star, and CN 6. As we shall see below, two of these three sources do exhibit weak emission in the far-IR (FIR).
Comparison of Optical/NIR Sources and Millimeter Clumps
A closer view of the central region of the 1.1 mm map is shown in Figure 5 . The optical/NIR sources identified in M03, A09, and M10 are shown. A summary of the associations of these sources is given in Table 2 . We find the following.
The Braid Star is closely related to clump #39 which has
an integrated flux of ∼760 mJy. The star is classified as an FUor-like object based on both its NIR spectral structure and its recent optical/NIR brightening (M06). A09 commented on the peculiar fact that the Braid Star was not included in the IRAS Point-Source Catalog (IRASPSC). This is additionally surprising in light of the fact that it has now been found to be associated with significant cold dust emission. We have found that HIRES processed IRAS maps of the region showed weak FIR emission at the location of the Braid Star with fluxes of 17, 68, and 351 mJy at 12, 25, and 60 μm, respectively. 10 2. HH 381 IRS is coincident with clump #37 which has an integrated flux of 495 mJy. This object is also classified as an FUor-like object based on the same criteria as for the Braid Star. The associated IRAS source, IRAS 20568 + 5217, has a small positional uncertainty (Δa = 7 , Δb = 6 ) and lies directly on the NIR point source. HH 381 IRS Figure 1 . This gray-scale representation shows the 55 detected cold dust clumps (black) on the featureless background (white). The clumps follow the dark cloud complex although they are considerably more structured than in the optical. The visual extinction contour (as shown in Figure 1 ) that encompasses all detected clumps is A V ∼ 5. DEC. J2000 Figure 3 . Object map of the compact cold dust clumps detected in the region. This map is the result of the structure detection analysis which finds discrete clumps (see Rosolowsky et al. 2010) . The extent and shape of each detected clump is represented in black and each clump is numbered for identification purposes (see Table 3 ).
possesses a compact optical HH bipolar jet (M10) and extensive optical/NIR reflection nebulosity in a bipolar morphology. 3. CN 1 is a young star located ∼5 northeast of the Braid Star.
It possesses a monopolar cavity-like reflection lobe with a small-scale optical HH jet (HH 632, M10). It has a clear thermal NIR K-band excess (A09) and was found to be of approximately constant brightness at NIR wavelength between 2MASS observations (taken in 1999) and those of A09 (taken in 2006). The IRAS error ellipse includes CN 1, however, the IRASPSC only includes a good detection at 25 μm with flux, F ν , ∼400 mJy. CN 1 does not appear to have a large amount of circumstellar dust since it is not obviously associated with a 1.1 mm dust clump. 4. CN 1S is located some 30 south of CN 1. It appears to be a moderately reddened early-type main-sequence dwarf (A09) and was not detected at 1.1 mm. 5. CN 2 is a fascinating young star and is a member of a small cluster located to the south of the Braid Star. This cluster includes CN 7, CN 8, and IRAS 15. M10 showed CN 2 to possess a non-collinear bipolar HH jet extending ∼±70 (0.3 pc at 800 pc) to the north-northwest and southeast. Spectral template fitting by A09 classified it as an M2 ± 11 As we noted above, our detection limit is 5σ ∼ 2 M for T D = 10 K and ∼0.7 M for T D = 10 K.
2 star with A V ∼ 12, and NIR veiling, r K , of ∼0.4. At 1.1 mm, we find no compelling evidence of cold dust emission from CN 2 which was also not detected by IRAS. 6. CN 3 consists of two optically visible stars ∼30 apart separated by a region of diffuse reflection nebulosity. The stars were designated CN 3N and 3S by A09. CN 3N has a 25 μm detection in the IRASPSC (F ν ∼ 500 mJy) and the IRAS error ellipse encompasses CN 3N and excludes CN 3S. A09 estimated that CN 3N was a G8 dwarf with an A V ∼ 20, and r K ∼ 0.2. Neither CN 3N nor CN 3S were detected at 1.1 mm. 7. CN 4 is associated with a relatively strong 1.1 mm clump (#18) with a flux of 550 mJy. However, the 1.1 mm peak is slightly displaced from the IRAS coordinates. The IRAS error ellipse lies close to CN 4, although it is displaced in the direction of CN 5 which lies ∼90 to the southwest. It is possible that this displacement is a result of contributions to the IRAS flux from both CN 4 and CN 5 (it was only detected at 60 μm with F ν ∼ 1.2 Jy). M10 found both CN 4 and CN 5 to possess optical HH jets (HH 972 and 973, respectively). Both stars are therefore clearly young premain-sequence objects although only CN 4 seems to be associated with the 1.1 mm dust emission. 8. CN 6 is a compact nebula with an NIR excess and was classified as an embedded classical T Tauri star by A09 with a spectral type between mid-G and mid-K. The 1.1 mm flux from the clump nearest CN 6 is ∼360 mJy although the morphology of the dust emission appears somewhat filamentary rather than clump-like. It seems likely that the clump is not physically associated with CN 6. 9. CN 7 is a member of the small cluster southwest of the Braid Star. In the optical, it possesses a small curving nebula and a compact point-like source (M10). Fitting the NIR spectrum of CN 7, A09 concluded it was most likely an M1 star with A V ∼ 6 and r K ∼ 0.3. Unusually, the young star associated with CN 7 showed no signs of active accretion exhibiting no Brγ emission. CN 7 is not included in the IRASPSC. CN 7 has no association with any HH objects and was not detected at 1.1 mm. 10. CN 8 is also a member of the small cluster southwest of the Braid Star. It has a monopolar cavity in the optical but no associated IRAS source (M10). In the NIR, it exhibits a small thermal excess and strong Brγ emission indicating it is surrounded by heated dust and is actively accreting. As with CN 7, CN 8 is not detected at 1.1 mm. 11. CN 9 is associated with an IRAS source (20573 + 5221) and an optical/NIR point source (M10). It also possesses a curving HH flow that extends to the southwest (HH 968) away from the optical/NIR star. No significant 1.1 mm emission is found in the immediate vicinity of CN 9.
12. CN 10 is seen at the northern edge of the image shown in Figure 5 . M10 found that it possesses a point-like source which lies within the error ellipse of IRAS 20583 + 5228. Close by are the HH objects HH 975 which M10 suggested originate from the CN 10 star. This is supported by NIR shock-excited features (T. Khanzadyan et al. 2011, in preparation 12 AKARI is the Japanese infrared space telescope (formerly ASTRO-F). IRC is the AKARI InfraRed Camera. 13 FIS is the AKARI Far-Infrared Surveyor camera.
HH Jets and Dust Clumps
In Figure 6 , we show a narrowband Hα image of the central 60 ×40 of the region surveyed at 1.1 mm. This Subaru/ Suprime-cam image is taken from M10 who cataloged the optical shock-excited HH objects in this region. Overlaid on the Hα image are contours of 1.1 mm dust emission. We note that the millimeter clumps are well aligned with the dark cloud complexes seen at optical wavelengths. Almost all optically dark regions have associated millimeter clumps. In order to more clearly see the correspondence of optical and millimeter structures, we present below expanded views of several regions containing interesting optical/NIR features.
The Braid Star Region
In Figure 7 , we have labeled the optical/NIR sources present, specifically CN 1, CN 2, CN 3, CN 7, CN 8, and IRAS 15N&S. The Braid Star is also indicated as is IRAS 14, both of which have no optical/NIR counterpart. Several interesting features are evident in this image.
1. The Braid Star lies very close to a peak of 1.1 mm dust emission (#39) and both the HH flow extending from it to the southwest (HH 629) and the optical reflection nebulosity are visible only from the edge of the cold dust clump. 2. A second strong millimeter clump is seen to the southeast of clump #39. This has the identification #33. On the edge of this emission peak is the group of HH objects previously designated RNO 127 (Cohen 1980 ) and more recently found to be HH objects (HH 448, M03). M10 found additional HH objects in this region, which they designated Table 1. HH 634 (see their Figure 19 ). HH 448 and 634 are located at the northwest and southeast boundaries of millimeter clump #33, respectively, and the apparent direction of propagation of HH 634 appears to be from the center of it.
3. As we related above, the two IRAS sources IRAS 14 and 15N&S are associated with weak millimeter clumps (#24 and #30, respectively). IRAS 15N&S are optically visible while IRAS 14 is totally obscured. IRAS 14 can Table 1. therefore be deemed a protostellar core while IRAS 15N&S are somewhat problematic since the association of IRAS source and millimeter clump implies a protostellar nature yet the visible nature of the source implies a more evolved young star. One explanation could be that we are viewing IRAS 15N&S from a preferential direction, i.e., along a cleared outflow axis rather than through a dense dust disks. Alternatively, the IRAS source and millimeter clump may be spatially separated along the line of sight with the two young optically visible stars and millimeter clump not being physically related. IRAS 15 would then be interpreted as a protostellar object while the two visible stars being foreground to it. 4. A number of weak millimeter clumps in Figure 7 have no associated optical nor NIR counterparts. None have associated IRAS sources and hence we can consider them to be starless clumps.
To summarize, therefore, this 10 ×10 sub-region of the survey area contains at least three protostellar objects, six Class II sources (criteria for classification defined in A09), and eight starless clumps.
The ratio of the number of protostellar cores (N psc ) to starless clumps (N slc ) is potentially an important diagnostic of the core/ star formation process. Lee & Myers (1999) investigated a large sample of optically selected dark clouds throughout the galactic plane for core structure and found an overall ratio N psc /N slc of 0.31. Under simple assumptions, they related the above ratio to the lifetime of the protostellar (Class 0 + I) phase (t p = 1-5 × 10 5 yr) with respect to the core formation timescale (t c ). They noted that ambipolar diffusion models predicted t p /t c values of between 0.007 and 0.14 which were considerably smaller than observed. This discrepancy they considered evidence for a predicted model core formation timescale that was too long compared to direct observations. For the Braid Star region, we find a ratio N psc /N slc ∼ 0.37 (3/8, not including the two faint IRAS hire detections), but clearly there is a large uncertainty due to small number statistics. Davis et al. (2010) found a ratio of ∼0.5 for the Taurus star formation cloud L1495; however, such a cloud is perhaps not an appropriate comparison to the more distant Cyg OB7 complex. Lee & Myers (1999) concluded that a typical lifetime of a starless core may be around three times longer than the protostellar phase which is consistent with our above result. Figure 8 shows a 5 × 5 region of the Hα image centered on HH 381 IRS. Extending from this source to the north is a conical reflection nebula, most likely an outflow cavity illuminated by the central star or circumstellar region. A less extensive southern counterpart to this structure is present but is mostly obscured in the optical and seen best in the 2 μm image shown in A09 (Figure 2) .
The HH 381 IRS Region
The central star, HH 381 IRS, is associated with a strong IRAS source and our 1.1 mm map shows it is also associated with a compact millimeter clump (#37) with an integrated flux of 485 mJy. Within the uncertainties in the millimeter map coordinate system (see above) and the IRAS error ellipse, the millimeter clump peak can be considered coincident with both IRAS source and HH 381 IRS itself. Table 1 .
Finally, we note that millimeter clump #37 appears to have a tail extending to the southwest toward clump #34 and which follows the optical dark cloud complex. Figure 9 shows the 6 ×6 region of the Hα image immediately surrounding the compact nebula designated CN 9 by M10. CN 9 is associated with the HH flow HH 968 and the IRAS source 20573 + 5221. A millimeter clump (#47) is present near the IRAS source and located along an axis defined by HH 968, CN 9, and the IRAS source. The millimeter clump peak is located ∼45 from the center of the IRAS error ellipse; however, it appears that the young star that is driving the HH 968 flow is most likely located in clump #47.
The CN 9 Region
The HH 627 Region
Figure 10 comprises a 2 × 2 sub-section of the Hα image centered on the bright star near HH 627. The image is overlaid with contours of 1.1 mm emission. The bright star was considered to be a foreground main-sequence object (A09) even though the morphology of the compact flow HH 627 appears to extend away from it. A millimeter clump (#45) lies close to the foreground star and HH 627 is located between the foreground object and the clump #45. The most likely scenario is that the young star driving the HH 627 flow is embedded in millimeter clump #45.
The compact nebula CN 6 is also seen in this region. This object lies close to a very weak millimeter clump that forms part of clump #51 in Figure 3 . It is not clear whether CN 6 and this weak millimeter clump are related.
DISCUSSION
Properties of the Cold Dust Clumps
If we adopt values for dust temperature, T D , dust opacity, κ 1.1 mm , column density to visual extinction conversion ratio, N(H 2 )/A V , gas-to-dust ratio, and cloud distance, we can estimate the total mass of the clumps, together with the peak column density and visual extinction toward the observed flux peak. Cold dust clouds with no internal heating source should have typical temperatures of ∼10 K (Bergin & Tafalla 2007) . This may increase in dust clumps to up to perhaps 20 K. For the determination of clump mass, H 2 column density, and A V we adopt T D = 10 K but note that for T D = 20 K all three values will be 2.9× smaller (1.9× smaller for T D = 15 K). Additionally, we assume κ 1.1 mm = 0.0114 cm 2 g −1 (Enoch et al. 2006 extrapolated from tabulated data by Ossenkopf & Henning 1994 for dust grains with thin ice mantles coagulated for 10 5 yr at a gas density of 10 6 cm −3 ), N(H 2 )/A V ) = 0.94 × 10 21 cm 2 mag −1 (Frerking et al. 1982 ), a gas-to-dust ratio of 100:1, and a distance of 800 pc.
Following Enoch et al. (2006) , we use Equation (1) to estimate clump masses:
where d is the source distance, S ν is the total flux density of the source, B ν (T D ) is the blackbody flux at temperature T D , and κ ν is the aforementioned dust opacity. Additionally, we calculate peak H 2 column densities, N(H 2 ), from the peak flux in each Table 1. clump using Equations (2):
where S beam ν is the peak flux per beam in the clump, Ω beam is the solid angle subtended by the Bolocam beam, μ H 2 is the mean molecular weight per H 2 molecule (μ H 2 = 2.8), and m H is the mass of the hydrogen atom. We use the conversion factor related above to convert N(H 2 ) to A V . Table 3 Although the usefulness of a clump mass function has been brought into question by the modeling of Reid et al. (2010), 14 we consider below such an analysis for completeness and for comparison to other similar surveys. Therefore, a plot of the cumulative clump mass function (CCMF) for these 55 clumps is shown in Figure 11 . This plot is of similar form to that of Johnstone et al. (2000, see their Figure 7 ) who found the same number of clumps (55) at 850 μm in the ρ Ophiuchus starforming cloud. We note that the CCMF of Johnstone et al. extends to much lower masses, specifically 0.02 M for the value of T D they used, i.e., T D = 20 K (this becomes ∼0.06 M for T D = 10 K) as opposed to 1.5 M from our observations. This is the result of both the closer distance to ρ Oph (160 pc as opposed to 800 pc) and the fact that they observed at 850 μm and not 1.1 mm, hence providing improved sensitivity of a quoted 10 mJy beam −1 rms noise as opposed to our 17 mJy beam −1 . The mass spectrum in ρ Oph was found to be best represented by a split power law (each of the form M −α ) with slopes of α = 0.5 and 1.5 for low-and high-mass regions, respectively. The split in the power-law fit occurred at ∼0.6 M . Johnstone et al. however noted that the low-mass end of the mass spectrum was likely severely incomplete. The slope of α = 1.5 from 0.6 to 5 M was found to be similar to the Salpeter initial stellar mass function (IMF) which has α = 1.35 (Salpeter 1955) . Our best-fit power law (from 2 to 20 M ) has a slope of α = 1.2 ± 0.15 and is seen overlaid on the observed mass function in Figure 11 . For comparison, both α = 0.5 and 1.5 are also shown. The mass function in our survey region therefore seems very similar to that observed in ρ Oph by Johnstone et al. (2000) between similar masses. Enoch et al. (2006) noted that for the Perseus star-forming region, the power-law slopes were similar to those found by Johnstone et al. (2000) for ρ Oph, and also similar to those found by Chabrier (2003) for the local stellar IMF.
CONCLUSIONS
We have described a new 1.1 mm continuum emission map of the 1 deg 2 Braid Nebula star formation region in Cygnus OB7. In this map, we have detected 55 cold dust clumps with masses ranging from 1.5 to 54 M (for T D = 10 K). Our main conclusions are as follows.
1. Of the 55 dust clumps detected, 11 have associated IRAS sources. If we consider dust clumps with associated IRAS sources to be protostellar objects, then this fraction (i.e., 20%) differs significantly from the fraction of protostellar to starless clumps in the Taurus star formation region (i.e., 50%). However, if we consider the central 10 × 10 region of the 1.1 mm map (centered on the Braid Star) then the fraction of protostellar to starless clumps is considerably higher (∼50%) and therefore similar to the fraction observed in the Taurus. 2. A large number of millimeter clumps (∼80%) do not exhibit far-IR emission. We classified these as starless in nature and possible sites of future star formation. We have not attempted to separate pre-stellar cores from starless clumps due to the complex and uncertain nature of the analysis. 3. Within the 40 × 30 extent of the optical Hα image of the region shown in M10, ∼20% of the millimeter clumps are associated with optical stars. It is probably the case, however, that optical stars along the line of sight to the millimeter clumps confuse true physical associations. 4. Both FUor-like objects in the field (the Braid Star and HH 381 IRS) possess strong millimeter continuum emission. This suggests that these objects are relatively young in nature and that FUor-like eruptions occur at the very earliest stages of stellar pre-main-sequence evolution. 5. Of the sources studied in M03, A09, and M10, the optical monopolar nebula sources CN 1, 7, and 8, the optical bipolar jet source CN 2, and the young nebulous pointsource CN 3 are not detected at millimeter wavelengths. This may imply for these objects that perhaps by the time a cavity (monopolar or bipolar) is created in the surrounding molecular cloud, the bulk of the cold circumstellar disk has been accreted onto the star. 6. The wide range of evolutionary states encountered in this region, i.e., from starless clumps to optically visible T Tauri stars, suggests that star formation is an ongoing process rather than a one-time occurrence.
